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ABSTRACT. Nymphal development of the predator Podisus nigrispinus (Dallas) fed with a susceptible (UFV 16) or an insect
resistant soybean genotype (IAC 17) and with larvae of the prey Anticarsia gemmatalis Hübner (Lepidoptera, Noctuidae)
reared on these genotypes, was evaluated. Survival and duration of each instar and of total nymphal stage, besides weight of
nymphs at the beginning of each instar and of adults of P. nigrispinus soon after emergence, were also evaluated. Nymphal
survival of this predator was similar with both genotypes (64.41% for the UFV 16 and 72.88% for the IAC 17). Duration
of second and fourth instars for nymphs that originated females, of fourth instar for those that originated males, of the
nymphal period for males (20.21 and 17.94 days) and females (19.76 and 18.19 days) was longer on the IAC 17 than on
the UFV 16. Weight of third instar nymphs (3.12 mg and 2.42 mg) for those that originated males and of fifth instar (26.20
mg and 23.86 mg) for those that originated females and female weight after emergence (65.76 mg and 58.68 mg) was lower
with the IAC 17 than with the UFV 16. Sex ratio of P. nigrispinus was not affected by the resistant soybean IAC 17.
KEYWORDS. Asopinae; biological control; Heteroptera; Glycine max; tri-trophic interaction.
INTRODUCTION
Host plant resistance and biological control should be con-
sidered for management of Anticarsia gemmatalis Hübner
(Lepidoptera, Noctuidae) due to adverse effects of chemical
control (ZANUNCIO et al. 1998; BOETHEL 1999). Predators such
as Podisus nigrispinus (Dallas) (Heteroptera, Pentatomidae)
can play an important role in pest management programs of
this pest in soybean crops (PANIZZI 1990). Even with good re-
sults of pest control with these methods, a higher efficiency
could be expected with these methods combined. However,
resistant plants can affect herbivores and also its natural en-
emies (PRICE et al. 1980).
ORR & BOETHEL (1986) verified that a resistant soybean
genotype affected the development of Podisus maculiventris
(Say) (Heteroptera, Pentatomidae) nymphs. Also, ROGERS &
SULLIVAN (1986) found that resistant soybean genotypes in-
creased duration of the nymphal period and mortality of
Geocoris punctipes (Say) (Heteroptera, Lygaeidae). G.
punctipes fed with A. gemmatalis reared on artificial diet or on
detached leaves of resistant or susceptible soybean genotypes
had similar weight gain. However, weight gain of G. punctipes
nymphs was higher when this predator was associated with
non-detached leaves of the susceptible genotype soybean than
with a resistant one (ROGERS & SULLIVAN 1987). These studies
also showed that G. punctipes presented similar behavior when
fed on soybean genotypes (resistant or susceptible) or on prey
reared on these genotypes.
Feeding on soybean resistant plants can improve life his-
tory characteristics of predatory heteropterans (CRUM et al.
1998). On the other hand, indirect effects through an unsuit-
able prey, and direct effects from resistant plants secondary
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compounds can occur. Resistant genotypes can affect third
trophic level and, hence the dynamic of arthropod communi-
ties. Therefore, the objective of this work was to study direct
and indirect effects of the prey A. gemmatalis reared on a resis-
tant (IAC 17) (LOURENÇÃO et al. 1997) or susceptible (UFV 16)
soybean genotypes on the development of nymphs of the
predatory bug P. nigrispinus.
MATERIAL AND METHODS
This research was conducted at the Laboratory of Biologi-
cal Control of the Instituto de Biotecnologia Aplicada à
Agricultura (BIOAGRO), Universidade Federal de Viçosa (UFV),
in Viçosa, State of Minas Gerais, Brazil.
Five newly-emerged females of P. nigripinus were selected
based on average population weight (73.43 mg) of this preda-
tor. These females were mated in the fourth day after their emer-
gence (ZANUNCIO et al. 1996/1997; MOHAGHEGH et al. 1998).
Pairs of P. nigrispinus were maintained at the Laboratory of
Biological Control, at room temperature and fed on larvae of
Tenebrio molitor L. (Coleoptera, Tenebrionidae) (ZANUNCIO et
al. 1994; MATOS NETO et al. 1998) to obtain nymphs used in the
experiment.
The colony of A. gemmatalis was maintained on leaflets of
the soybean genotypes UFV 16 or IAC 17 (V4 to R4 growth
stage) (SEDIYAMA et al. 1989) obtained from plants in field plots.
Each experimental unit consisted of a Petri dish (15.0 x 1.5
cm) for second and third instars and a transparent cage made
with a plastic bottle (2 L) for fourth and fifth instar nymphs of
P. nigrispinus (ASSIS JÚNIOR et al. 1999). The bottom of these
bottles were removed and it was placed over a plastic pot (500
ml) with a soybean plant, previously cultivated in a green-
house. A circular hole (4 cm diameter) in the upper part of these
bottles was covered with a cotton screen. Distilled water was
supplied by an anesthetic tube (2 ml) fixed through a hole in
the upper part of these bottles.
The experiment was initiated with second instar nymphs of
P. nigrispinus  with similar weight. Second and third instar
nymphs were individualized inside Petri dishes (due to high
mortality levels when they were maintained inside 2 L bottles
based on previous studies) with a soybean leaflet, one A.
gemmatalis larva (1.5 cm long) and distilled water (SAAVEDRA et
al. 1997).
Nymphs of P. nigrispinus at the beginning of fourth instar
were individualized in 2 L cages with a soybean plant in V3 or
V4 stadium (SEDIYAMA et al. 1989), one larva of A. gemmatalis
(1.5 cm long) and distilled water according to two treatments:
UFV 16 – one larva of A. gemmatalis reared on the UFV 16
soybean genotype and one detached soybean leaflet or plant
of this genotype; and IAC 17 - one larva of A. gemmatalis
reared on the IAC 17 soybean genotype and one detached
soybean leaflet or plant of this genotype. Leaflets and dead
larvae were replaced daily and soybean plants were changed
every four days. Each treatment had 60 replications at 25 ± 2 ° C,
71 ± 7% relative humidity and photophase of 14 hours.
Duration of each instar and of total nymphal stage, mortality
of nymphs, and weight of nymphs at molting day and adults at
the day of emergence were evaluated. Mortality rate was
evaluated for each instar independently of the sex. The results
were submitted to the Bartlett and Lilliefors tests for certifying
the assumptions for the analysis of variance. A non-parametric
test of Wilcoxon at 5% probability was performed due to
heterocedasticity results.
RESULTS
Survival and Sex Ratio. Survival of second instar (Table I)
was higher for nymphs reared on the resistant IAC 17 than
with the susceptible UFV 16 soybean genotype. No significant
differences on survival were observed during the older instars
and for total nymphal period. Mortality of nymphs of P.
nigrispinus associated to the UFV 16 decreased with the de-
velopment of this insect. On the other hand, this mortality was
similar during all instars with the IAC 17 soybean genotype,
except for the third. Sex ratio of P. nigrispinus was not affected
by the soybean genotype (0.55 with the susceptible and 0.67
with the resistant genotype) (Table I).
Duration. Duration of second instar for P. nigispinus
nymphs associated with the IAC 17 genotype was longer for
those that originated females, but this was similar for those
that originated males (Table II). Significant differences were
not found between treatments, for third and fifth instar nymphs
that originated males or females. Males and females of P.
nigrispinus presented longer duration of fourth instar nymphs
associated with the IAC 17 genotype. P. nigrispinus showed
longer nymphal period when reared on the resistant soybean
genotype.
Table I - Survival of nymphs and sex ratio of adults (mean ± SE) of the
predator Podisus nigrispinus (Heteroptera, Pentatomidae) with a plant
of the soybean genotype UFV 16, susceptible, or the IAC 17, resistant,
to insects and larvae of Anticarsia gemmatalis (Lepidoptera, Noctuidae)
reared on leaflets of these genotypes at 25 ± 2°C, 71 ± 7% relative
humidity and photophase of 14 hours.
Means followed by the same letter between columns are not significantly
different by Wilcoxon test (p < 0.05).
Instar
Nymph II
Nymph III
Nymph IV
Nymph V
Nymphal Stage
Sex Ratio
UFV 16
(%)
 83.05 ± 4.93 b
85.71 ± 5.05 a
92.86 ± 4.02 a
97.44 ± 2.56 a
64.41 ± 6.29 a
0.55 ± 0.08 a
IAC 17
(%)
93.33 ± 3.25 a
89.09 ± 4.24 a
93.88 ± 3.46 a
93.48 ± 3.38 a
72.88 ± 5.84 a
0.67 ± 0.07 a
......................................................................................................................................................................
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Weight. Third and fourth instar P. nigrispinus nymphs that
originated females presented similar weight (Table III), but these
nymphs showed lower weight in the fifth instar with the resis-
tant genotype. Furthermore, third instar nymphs that originated
males presented lower weight when associated with the resis-
tant genotype. This effect was not verified for fourth and fifth
instar nymphs. The resistant genotype reduced weight of re-
cently-emerged females but not of males.
DISCUSSION
Survival. Nymphal survival of P. nigrispinus was similar to
that reported by TORRES et al. (1998) (74.75%) for this predator
and it also agrees with results observed for P. maculiventris
by ORR & BOETHEL (1986) which showed higher mortality of
fifth instar nymphs with the resistant soybean genotype than
with the susceptible one. ROGERS & SULLIVAN (1986) observed
similar nymphal mortality of G. punctipes associated with the
susceptible soybean genotype “Bragg” or with the insect re-
sistant PI 229358, but nymphal mortality was higher with the
insect resistant genotype PI 171451 than with the genotype
Bragg. The soybean introduction PI’s lines are reported to
present natural resistance to chewing pests (BOETHEL 1999) as
reported for the soybean variety IAC 17 (LOURENÇÃO et al.
1997). For this reason, the results found in this study are com-
parable to previous ones and produced similar effects on third
trophic level to these observed for G. punctipes and P.
maculiventris.
ROGERS & SULLIVAN (1987) found that detached leaflets of a
resistant soybean genotype might not reflect similar effects on
G. punctipes compared to attached leaflets. A similar situation
could have occurred with survival of second and third instars
nymphs and to a possible deleterious effect of the resistant
genotype. However, results of the two other instars indicated
that this effect (ROGERS & SULLIVAN 1987) should not be gener-
alized. Survival of second and third instars with detached leaf-
lets was similar to that of fourth and fifth instars what might be
due to an indirect effect on second and third instars of this
predator feeding on prey reared on the resistant soybean geno-
type.
Sex ratio. Sex ratio of P. nigrispinus was not affected by
feeding on A. gemmatalis reared on the resistant IAC 17 soy-
bean genotype. This should be considered a normal situation
because the sex is genetically determined. However, sex ratio
can be affected due to a lower prey quality or to alelochemicals
of resistant plant genotypes. This could have caused a higher
female mortality of P. nigrispinus because they usually de-
mand a higher food source. In this case they could receive
higher quantity of possible toxic compounds from resistant
soybean than males (COHEN 1984; DE CLERCQ & DEGHEELE 1993;
ZANUNCIO et al. 1996).
Duration. Duration of nymphal period for males and fe-
males of P. nigrispinus was shorter than the 23.67 days found
by SAAVEDRA et al. (1996). Longer duration of fourth instar was
verified by ORR & BOETHEL (1986) for P. maculiventris with the
resistant soybean genotype PI 227687 cultivated in greenhouse.
Fifth instar nymphs of this predator presented similar duration
when fed with larvae of Manduca sexta (L.) (Lepidoptera,
Sphingidae) reared on an artificial diet with different concen-
trations of the allelochemical rutin (STAMP et al. 1991). Nymphal
duration of G. punctipes fed with A. gemmatalis larvae reared
Table III - Weight (mean ± SE) of nymphs and adults of the predator
Podisus nigrispinus  (Heteroptera, Pentatomidae) with a plant of the
soybean genotype UFV 16, susceptible, or the IAC 17, resistant, to
insects and larvae of Anticarsia gemmatalis (Lepidoptera, Noctuidae)
reared on leaflets of these genotypes at 25 ± 2° C, 71 ± 7% relative
humidity and photophase of 14 hours.
Means followed by the same letter between columns are not significantly
different by Wilcoxon test (p < 0.05).
Instar
III
IV
V
Adults
UFV 16
(mg)
3.12 ± 0.20 a
3.12 ± 0.29 a
9.10 ± 0.52 a
10.29 ± 1.19 a
26.20 ± 1.23 a
22.77 ± 1.49 a
65.76 ± 2.75 a
43.65 ± 1.98 a
IAC 17
(mg)
2.92 ± 0.19 a
2.42 ± 0.14 b
9.24 ± 0.54 a
8.81 ± 1.06 a
23.86 ± 0.91 b
21.61 ± 1.43 a
58.68 ± 2.27 b
40.43 ± 1.78 a
Sex
Females
Males
Females
Males
Females
Machos
Females
Males
Table II - Duration (mean ± SE) of instars and of the nymphal stage of
the predator Podisus nigrispinus (Heteroptera, Pentatomidae) with a
plant of the soybean genotype UFV 16, susceptible, or the IAC 17,
resistant, to insects and larvae of Anticarsia gemmatalis (Lepidoptera,
Noctuidae) fed with leaflets of these genotypes at 25 ± 2° C, 71 ± 7%
relative humidity and photophase of 14 hours.
Means followed by the same letter between columns are not significantly
different by Wilcoxon test (p < 0.05).
Instar
II
III
IV
V
Nymphal
Stage
UFV 16
(days)
3.86 ± 0.22 b
3.94 ± 0.20 a
4.10 ± 0.21 a
4.29 ± 0.29 a
3.90 ± 0.21 b
3.69 ± 0.27 b
6.33 ± 0.21 a
5.81 ± 0.14 a
18.19 ± 0.33 b
17.94 ± 0.62 b
IAC 17
(days)
4.38 ± 0.21 a
4.86 ± 0.59 a
4.17 ± 0.19 a
4.50 ± 0.29 a
4.66 ± 0.25 a
4.46 ± 0.39 a
6.55 ± 0.25 a
6.46 ± 0.45 a
19.76 ± 0.51 a
20.21 ± 0.99 a
Sex
Females
Males
Females
Males
Females
Males
Females
Males
Females
Males
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on a resistant soybean genotype was longer than with this
prey reared on a susceptible genotype (ROGERS & SULLIVAN
1986). Increasing duration of immature stages has been reported
for other predators such as Hippodamia convergens Guerin
(Coleoptera, Coccinelidae) fed on Schizaphis graminum
(Rondani) (Homoptera, Aphididae) reared on resistant than on
a susceptible sorghum genotypes (RICE & WILDE 1989).
Weight. Lower weight of fifth instar nymphs that origi-
nated females showed a negative effect of the resistant IAC 17
on P. nigrispinus. Maximum development of reproductive or-
gans especially of nymphs that will originate females occur
during this instar what shows that these nymphs have higher
nutritional demands. No effects of the resistant genotype dur-
ing fifth instar on weight of nymphs that originated males was,
possibly, due to their lower nutritional demands for develop-
ment of reproductive organs of these insects.
Lower weight of females at emergence shows a deleterious
effect of the IAC 17 genotype on P. nigrispinus. Negative ef-
fect of resistant genotypes on weight of predators has been
reported by other authors. P. maculiventris females showed
lower weight with a resistant than with a susceptible soybean
variety (ORR & BOETHEL 1986). ROGERS & SULLIVAN (1986)
showed a reduction on weight gain of G. punctipes associated
to the resistant genotype PI 171451 compared to the suscep-
tible “Govan”. Fifth instar P. maculiventris nymphs presented
lower weight gain when fed on M. sexta caterpillars reared on
artificial diet with higher rutin concentration but they origi-
nated males and females of similar weight (STAMP et al. 1991).
This might have occurred because these nymphs were submit-
ted to treatments only when they reached fifth instar.
CONCLUSION
Nymphal survival of P. nigrispinus was not affected by the
resistant genotype IAC 17 but nymphal period of this predator
was prolonged for individuals which originated males or fe-
males and weight of females was reduced. Therefore, the find-
ings indicate that the impact of the resistant soybean geno-
type was not high enough to cause a significant mortality of P.
nigrispinus nymphs. Longer duration of the nymphal phase
with the resistant soybean genotype can result in lower num-
ber of generations and of individuals of P. nigrispinus. It should
be considered that females with lower body weight have lower
reproductive potential (EVANS 1982) what can affect the perfor-
mance of this predator on field conditions.
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